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(57) ABSTRACT

An apparatus includes a rigid structure having first and sec-
ond collars, a quick connect connector having first and second
shoulders, and a spring biasing the connector toward an
extended position with the first shoulder against the first
collar and the second shoulder against the second collar. The
first collar and the first shoulder form an inwardly and rear-
wardly angled contact surface there between, and the second
collar and the second shoulder form an inwardly and rear-
wardly angled contact surface there between. The connector
is centered in the first and second collars unless acted upon by
a force overcoming the spring and pushing the connector to a
retracted position with the first and second shoulders out of
contact with the first and second collars. When retracted, the
connector may adjust its position longitudinally, vertically,
laterally or angularly to facilitate coupling with a mating fixed
quick connect connector.

20 Claims, 4 Drawing Sheets
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1
BLIND DOCKING APPARATUS TO ENABLE
LIQUID COOLING IN COMPUTE NODES

BACKGROUND

1. Field of the Invention

The present invention relates to blind docking of fluidic
conduits between a two components.

2. Background of the Related Art

Heat-generating computer system components, such as
processors, are generally supported within a chassis, such as
a server rack, to provide efficient storage and accessibility for
component installation and removal. In high heat-density
systems, a coolant such as water may be provided from a
coolant source and flow through a supply conduit to one or
more heat exchangers disposed within or adjacent to the
chassis. The coolant may be continuously warmed at the one
or more heat exchangers, and the warmed coolant may be
returned to the coolant source through a return conduit or
released without recirculation. Where warmed coolant is
returned to the coolant source, the returned coolant may be
cooled by a regenerator, such as a cooler or refrigeration
system, so that the regenerated coolant may be circulated
back through the supply conduit. The supply conduit and the
release or return conduit are portions of a fluidic circuit.

In conventional fluidic circuits for coolant systems, the
supply conduit and the release or return conduit may include
fluidic couplings, such as mating threaded fittings or mating
flanges, that facilitate the connection of fluid conduits that
deliver the fluid to one or more heat exchangers in the chassis.
Threaded and flanged fittings generally take a large amount of
time and effort to make up (connect) and break out (discon-
nect). An alternate type of coupling is a quick disconnect
coupling comprising a male insert that is releasably receiv-
able in a female socket to sealably and fluidically couple a
first portion of a conduit connected to the male insert to a
second portion of a conduit connected to the female socket.
Used in this manner, a first quick disconnect coupling may be
used to connect a fluid coolant supply conduit to an inlet
conduit to one or more heat exchangers within a chassis and
a second quick disconnect coupling may be used to connect a
fluid coolant release/return conduit to an outlet conduit from
the one or more heat exchangers. In this manner, first and
second quick disconnect couplings may be used to quickly
provide a fluidic circuit to remove heat produced by heat-
generating electronic components within the chassis.

Although connecting and disconnecting quick disconnect
couplings requires less time than conventional fluidic cou-
plings, a substantial amount of effort and time may still be
required to make up a pair of quick disconnect couplings to
enable the fluidic circuit, especially if the quick disconnect
couplings are disposed in a location that is difficult to access
such as at the back of a computer chassis. For example, a user
may have to align a first male insert with a first female socket,
insert the first male insert into the first female socket, secure
the quick disconnect coupling by sliding a release collar on
the female socket to a docked position, and then repeat the
process on a second conduit to complete the fluid circuit.

BRIEF SUMMARY

One embodiment of the present invention provides an
apparatus comprising a chassis and a compute node. The
chassis includes a fluid supply conduit, a fluid return conduit,
a first quick connect connector that is fluidically coupled to
the fluid supply conduit, a second quick connect connector
that is fluidically coupled to the fluid return conduit, and a bay
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configured to receive the compute node. The first and second
quick connect connectors are secured in a fixed position at the
back of the bay and are oriented in a forward direction into the
bay. The compute node has a rearward end securing a first
compliant connector assembly and a second compliant con-
nector assembly, wherein the first compliant connector
assembly includes a third quick connect connector oriented in
a rearward direction so that installing the compute node
within the bay provides nominal alignment of the third quick
connect connector with the first quick connect connector, and
wherein the second compliant connector assembly includes a
fourth quick connect connector oriented in a rearward direc-
tion so that installing the compute node within the bay pro-
vides nominal alignment of the fourth quick connect connec-
tor with the second quick connect connector. The third quick
connect connector has first and second shoulders and the
fourth quick connect connector has first and second shoul-
ders. The first compliant connector assembly includes a rigid
structure having first and second collars, wherein the first
collar and the first shoulder form an inwardly and rearwardly
angled contact surface there between, and wherein the second
collar and the second shoulder form an inwardly and rear-
wardly angled contact surface there between. The first com-
pliant connector assembly further includes a first spring bias-
ing the third quick connect connector in the rearward
direction. Similarly, the second compliant connector assem-
bly includes a rigid structure having first and second collars,
wherein the first collar and the first shoulder form an inwardly
and rearwardly angled contact surface there between, and
wherein the second collar and the second shoulder form an
inwardly and rearwardly angled contact surface there
between. The second compliant connector assembly further
includes a second spring biasing the fourth quick connect
connector in the rearward direction.

Another embodiment of the present invention provides an
apparatus comprising a compute node configured to be
received within a chassis bay, and a first compliant connector
assembly secured to a rearward end of the compute node. The
first compliant connector assembly includes a rigid structure
having first and second collars, a first quick connect connec-
tor having first and second shoulders, and a first spring biasing
the first quick connect connector in the rearward direction.
The first collar and the first shoulder of the first compliant
connector assembly form an inwardly and rearwardly angled
contact surface there between, wherein the second collar and
the second shoulder of the first compliant connector assembly
form an inwardly and rearwardly angled contact surface there
between, and wherein the first quick connect connector is
oriented in a rearward direction for blind mating with a sec-
ond quick connect connector within the chassis bay.

Yet another embodiment of the present invention provides
an apparatus comprising a rigid structure having first and
second collars, a quick connect connector having first and
second shoulders, and a spring biasing the quick connect
connector toward an extended position with the first shoulder
against the first collar and the second shoulder against the
second collar. The first collar and the first shoulder form an
inwardly and rearwardly angled contact surface there
between, and the second collar and the second shoulder form
an inwardly and rearwardly angled contact surface there
between. The quick connect connector is centered in the first
and second collars unless acted upon by a force overcoming
the spring and pushing the quick connect connector to a
retracted position with the first and second shoulders out of
contact with the first and second collars.
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BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a perspective view of a compute node being
installed into a bay of a chassis or rack in order to blind mate
a pair of fluid couplings.

FIG. 2A is a cross-sectional diagram of a compliant quick
connect connector that is axially aligned for coupling to a
mating fixed quick connect connector.

FIG. 2B is a cross-sectional diagram of the compliant quick
connect connector coupled to the fixed quick connect con-
nector of FIG. 2A to provide fluid communication there
between.

FIG. 3A is a cross-sectional diagram of a compliant quick
connect connector that is angularly misaligned with a mating
fixed quick connect connector.

FIG. 3B is a cross-sectional diagram of the compliant quick
connect connector coupled to the fixed quick connect con-
nector of FIG. 3A to provide fluid communication there
between.

FIG. 4A is a cross-sectional diagram of a compliant quick
connect connector that is vertically misaligned with a mating
fixed quick connect connector.

FIG. 4B is a cross-sectional diagram of the compliant quick
connect connector coupled to the fixed quick connect con-
nector of FIG. 4A to provide fluid communication there
between.

DETAILED DESCRIPTION

One embodiment of the present invention provides an
apparatus comprising a chassis and a compute node. The
chassis includes a fluid supply conduit, a fluid return conduit,
a first quick connect connector that is fluidically coupled to
the fluid supply conduit, a second quick connect connector
that is fluidically coupled to the fluid return conduit, and a bay
configured to receive the compute node. The first and second
quick connect connectors are secured in a fixed position at the
back ofthe bay and are oriented in a forward direction into the
bay. The compute node has a rearward end securing a first
compliant connector assembly and a second compliant con-
nector assembly, wherein the first compliant connector
assembly includes a third quick connect connector oriented in
a rearward direction so that installing the compute node
within the bay provides nominal alignment of the third quick
connect connector with the first quick connect connector, and
wherein the second compliant connector assembly includes a
fourth quick connect connector oriented in a rearward direc-
tion so that installing the compute node within the bay pro-
vides nominal alignment of the fourth quick connect connec-
tor with the second quick connect connector. The third quick
connect connector has first and second shoulders and the
fourth quick connect connector has first and second shoul-
ders. The first compliant connector assembly includes a rigid
structure having first and second collars, wherein the first
collar and the first shoulder form an inwardly and rearwardly
angled contact surface there between, and wherein the second
collar and the second shoulder form an inwardly and rear-
wardly angled contact surface there between. The first com-
pliant connector assembly further includes a first spring bias-
ing the third quick connect connector in the rearward
direction. Similarly, the second compliant connector assem-
bly includes a rigid structure having first and second collars,
wherein the first collar and the first shoulder form an inwardly
and rearwardly angled contact surface there between, and
wherein the second collar and the second shoulder form an
inwardly and rearwardly angled contact surface there
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between. The second compliant connector assembly further
includes a second spring biasing the fourth quick connect
connector in the rearward direction.

Quick connect couplings are well-known couplings that
allow quick and easy connections, such as between two fluid
conduits. A first fluid conduit terminates in a first quick con-
nect connector and a second fluid conduit terminates in a
second quick connect connector that mates with first quick
connect connector in order to provide fluid communication
between the first and second fluid conduits. In one example, a
compute node includes a cooling circuit coupled between two
quick connect connectors that may blind mate with two mat-
ing quick connect connectors secured to a fluid supply mani-
fold and a fluid return manifold, respectively. A typically
cooling circuit may include a fluid cooled heat exchanger in
thermal contact with a heat-generating device, such as a
Mmicroprocessor.

The two quick connect connectors of a quick connect cou-
pling are typically dissimilar but complimentary, such as one
male connector and one female connector. Typically, male
and female quick connect connectors may be coupled
together regardless of the direction of fluid flow or the direc-
tion of movement of one connector to the other connector.
Accordingly, in the present examples, the male and female
quick connect connectors will be equally operable if their
positions are reversed. Most preferably, each of the quick
connect connectors will include an automatic shut off valve
that prevents fluid flow when disconnected.

The rigid structure of the first and second quick compliant
connector assemblies may take various forms so long as the
rigid structure may be secured to the compute node and form
the first and second collars. For example, the rigid structure
may form a housing or casing around a quick connect con-
nector. Optionally, each of the first and second collars may
form an inwardly and rearwardly angled surface, such as a
frustoconical surface.

In one preferred configuration, the quick connect connec-
tor is centered in the first and second collars of the compliant
connector assembly unless acted upon by a force overcoming
the spring and pushing the first and second shoulders of the
quick connect connector out of contact with the first and
second collars of the compliant connector assembly.

In another preferred configuration, the quick connect con-
nector is allowed to tilt to various angles in order to align with
a mating quick connect connector despite any initial mis-
alignment between the two mating quick connect connectors.
The range of angles is determined by the spacing between the
collars/shoulders, as well as the relative dimensions of the
quick connect connector and the collars. For example, when
the quick connect connector is in a retracted position, the
compliant connector assembly may allow the quick connect
connector to move in a lateral direction, vertical direction,
longitudinal direction and at an angle relative to a longitudi-
nal axis defined by an extended position of the quick connect
connector.

Optionally, the compute nodes may share common chassis
power supplies, fans, and midplane, and have a known
“blade” style of system architecture. Many of these shared
features may be provided from the rear of the chassis along
with the fluid supply and return conduits. As multiple com-
pute nodes are packaged into a chassis or rack the main
vertical “trunk” cooling lines may be routed vertically from
bottom to the top of the rack. These lines are large and heavy
and are best placed at the rear of the rack. This location allows
them to remain stationary and affords the ability to assemble,
remove, or service each compute node from the customary
front location of the rack. Since the compliant connector
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assembly is affixed to the compute node itself, the compliant
connector assembly can be quickly and easily serviced by
removing the compute node from the chassis.

Another embodiment of the present invention provides an
apparatus comprising a compute node configured to be
received within a chassis bay, and a first compliant connector
assembly secured to a rearward end of the compute node. The
first compliant connector assembly includes a rigid structure
having first and second collars, a first quick connect connec-
tor having first and second shoulders, and a first spring biasing
the first quick connect connector in the rearward direction.
The first collar and the first shoulder of the first compliant
connector assembly form an inwardly and rearwardly angled
contact surface there between, wherein the second collar and
the second shoulder of the first compliant connector assembly
form an inwardly and rearwardly angled contact surface there
between, and wherein the first quick connect connector is
oriented in a rearward direction for blind mating with a sec-
ond quick connect connector within the chassis bay. Option-
ally, the apparatus may further comprise a second compliant
connector assembly secured to the rearward end of the com-
pute node, wherein the second compliant connector assembly
includes a rigid structure having first and second collars, a
third quick connect connector having first and second shoul-
ders, and a second spring biasing the third quick connect
connector in the rearward direction. The first collar and the
first shoulder of the second compliant connector assembly
may form an inwardly and rearwardly angled contact surface
there between, and the second collar and the second shoulder
of the second compliant connector assembly may form an
inwardly and rearwardly angled contact surface there
between, wherein the third quick connect connector is ori-
ented in a rearward direction for blind mating with a fourth
quick connect connector within the chassis bay. Still further,
the apparatus may include or implement any one or more
additional feature described in regard to other embodiments
disclosed herein.

Yet another embodiment of the present invention provides
an apparatus comprising a rigid structure having first and
second collars, a quick connect connector having first and
second shoulders, and a spring biasing the quick connect
connector toward an extended position with the first shoulder
against the first collar and the second shoulder against the
second collar. The first collar and the first shoulder form an
inwardly and rearwardly angled contact surface there
between, and the second collar and the second shoulder form
an inwardly and rearwardly angled contact surface there
between. The quick connect connector is centered in the first
and second collars unless acted upon by a force overcoming
the spring and pushing the quick connect connector to a
retracted position with the first and second shoulders out of
contact with the first and second collars. Optionally, each of
the first and second collars may form an inwardly and rear-
wardly angled surface, such as a frustoconical surface.

Embodiments of the present invention provide a compliant
connector assembly that includes a quick connect connector
that is in aninitially fixed position to facilitate initiate engage-
ment with a mating connector (without binding) and then is
released to float or move upon initial force from the mating
connector. The compliant connector facilitates a blind dock-
ing or blind mating fluid coupling that allows for angular and
linear misalignment between mating quick connect connec-
tors. In other words, the compliant connector assembly pro-
vides initial nominal axial alignment between mating quick
connect connectors, but allows for some initial misalignment
by allowing the quick connect connector to move in response
to forces applied as the two connectors are pushed together.
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FIG. 1 is a perspective view of a compute node 10 being
installed into a bay 22 of a chassis 20 or rack in order to blind
mate a pair of fluid couplings. The bay 22 is configured to
receive the compute node 10, such as using side rails 21, 23
that constrain the compute node 10 to slide in a rearward
direction (see arrow 25) and provide nominal alignment of
certain quick connect connectors.

The chassis 20 includes a fluid supply conduit 24, a fluid
return conduit 26, a first quick connect connector 28 that is
fluidically coupled to the fluid supply conduit 24, a second
quick connect connector 30 that is fluidically coupled to the
fluid return conduit 26. The first and second quick connect
connectors 28, 30 are secured in a fixed position at the back of
the bay 22 and are oriented in a forward direction into the bay
22. The compute node 10 has a rearward end 12 securing a
first and second compliant connector assemblies 40. Each
compliant connector assembly 40 includes a quick connect
connector 42 oriented in a rearward direction so that installing
the compute node 10 within the bay 22 provides nominal
alignment of the quick connect connectors 42 on the compute
node 10 with the quick connect connectors 28, 30 on the fluid
supply and return conduits 24, 26.

The compute node 10 also includes a cooling fluid circuit
14 that includes a fluid supply tube 15, a fluid return tube 17,
and a fluid-cooled heat exchanger 16 fluidically coupled
between the fluid supply tube 15 and the fluid return tube 17.
A cooling fluid, such as chilled water, may pass through the
heat exchanger 16 to cool a heat-generating component, such
as a microprocessor (not shown), in thermal contact commu-
nication with the heat exchanger 16. Typically, the heat-gen-
erating component will be in direct contact with the heat
exchanger. Once the mating quick connect connectors 28, 42
are coupled to supply the cooling fluid and the mating quick
connector connectors 30, 42 are coupled to return the warmed
fluid, then the cooling fluid circuit is operational. For
example, a cooling fluid from a chilled fluid source (not
shown) is supplied to the fluid supply conduit or manifold 24.
The cooling fluid may then flow through the mated connec-
tors 28, 42, through the fluid supply tube 15 to the heat
exchanger 16 where heat from the heat-generating compo-
nent is transferred into the cooling fluid, which becomes
warm. The warmed fluid passes out of the heat exchanger 16,
through the fluid return tube 17, and through the mated con-
nectors 30, 42 to the fluid return conduit 26 before being
discarded or returned to the chilled fluid source.

It should be noted that other components and features of a
compute node 10 and a chassis 20 are not shown, but may still
beincluded. For example, the rear end 12 ofthe compute node
10 may include one or more electronic connectors for blind
mating with one or more mating electronic connectors of the
chassis 20. Optionally, the chassis 20 may include a midplane
including connectors for blind mating with a plurality of
compute nodes across a plurality of bays formed in the chassis
20, where each bay preferably includes quick connect con-
nectors 28, 30.

FIG. 2A is a cross-sectional diagram of a compliant con-
nector assembly 40 including a quick connect connector 42
that is axially aligned for coupling to a mating fixed quick
connect connector 28. The quick connect connector 42 has a
first shoulder 44 and a second shoulder 46, and the compliant
connector assembly 40 includes a rigid structure 50 having a
first collar 52 and a second collar 54. The distance between
the first and second shoulders 44, 46 is the same as the
distance between the first and second collars 52, 54, such that
the first shoulder 44 can contact the first collar 52 at the same
time that the second shoulder 46 contacts the second collar
54.
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The first collar 52 and the first shoulder 44 form an
inwardly and rearwardly angled contact surface there
between, and the second collar 54 and the second shoulder 46
form an inwardly and rearwardly angled contact surface there
between. As shown, it is not necessary for both the collar and
the shoulder that contacts the collar to be angled inwardly and
rearwardly, although this is shown between the second collar
54 and the second shoulder 46. Alternatively, an inwardly and
rearwardly angled contact surface may be formed between a
collar is angled and a shoulder that is squared off (or some
other shape), as shown by the second collar 52 and the second
shoulder 44, or between a collar that is squared off (or some
other shape) and a shoulder that is angled. The important
feature is that the collar and shoulder form an inwardly and
rearwardly angled contact surface there between, such that
the quick connect connector 42 is secured when in an
extended position as shown in FIG. 2A. Optionally, the quick
connect connector 42 may be positioned in a manner that the
connector may be described as being “centered” within the
collars 52, 54.

The compliant connector assembly 40 further includes a
spring 60 biasing the quick connect connector 42 in the rear-
ward direction (see arrow 25). The spring 60 is shown in the
form of a compression spring disposed between a spring
shoulder 56 on the quick connect connector 42 and a spring
seat 62 that slidably contacts the rigid structure 50 around the
second collar 54. Accordingly, the spring 60 biases the quick
connect connector 42 in a rearward direction (see arrow 25),
such that the first shoulder 44 is pushed against the first collar
52, and the second shoulder 46 is pushed against the second
collar 54. Due to the inwardly and rearwardly angled contact
surfaces formed between the shoulders and collars, the shoul-
ders move to an extended position. As shown, in FIG. 2A, the
extended position moves the quick connect connector 42 to a
“centered” position.

The quick connect connector 42 in the compliant connector
assembly 40 is shown as a female connector and the quick
connect connector 28 secured to the fluid supply conduit 24 is
shown as a male connector. It should be recognized that the
male and female connectors may be reversed, such that the
male connector is on the compliant connector assembly and
the female connector is on the fluid supply conduit. Further-
more, both of the quick connect connectors 28, 42 are shown
having automatic shut off valves 29, 59, but the details of
quick connect connectors with automatic shut off valves is
known to those having ordinary skill in the art and is not
repeated here.

The compliant connector assembly 40 is secured to the
compute node 10 via a bracket 57 that is attached to, or forms
part of, the rigid structure 50. As shown, the compliant con-
nector assembly 40 is positioned so that the quick connect
connector 42 extends from the back end 12 of the compute
node 10. Still further, the quick connect connector 42 is
shown including a fitting 58 for securing a fluid tubing, such
as the fluid supply tube 15. Although the two quick connect
connectors 28, 42 are not coupled together, an axial center
line 48 of the quick connect connector 42 is aligned with the
axial center line 27 of the quick connect connector 28.

FIG. 2B is a cross-sectional diagram of the quick connect
connector 42 coupled to the fixed quick connect connector 28
of FIG. 2A to provide fluid communication there between. As
a result of the compute node 10 being moved in the rearward
direction in the chassis bay, the connectors 28, 42 engage to
form a fluid seal between the connectors and cause the auto-
matic shut off valves 29, 59 to open.

Since the two quick connect connectors 28, 42 were pre-
cisely axially aligned and precisely spaced apart prior to
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connection, the connectors 28, 42 were able to be coupled
without the shoulders 44, 46 necessarily disengaging from the
collars 52, 54. The figures below detail situations where the
connectors are not precisely axially aligned or spaced apart.

FIG. 3A is a cross-sectional diagram of the compliant
connector assembly 40 having a quick connect connector 42
that is angularly misaligned with a mating fixed quick connect
connector 28. Within a range of dimensional tolerance, the
connectors 28, 42 make initial contact and the leading end of
the male connector enters a portion of the opening in the
female connector. However, due to the axial misalignment,
the connectors 28, 42 are unable to couple in this position.
Under additional force applied on the compute node 10 to
push the node into the bay, the “fixed” connector 28 pushes
back on the “floating” connector 42 with sufficient force to
overcome the biasing force in the spring 60 (compress the
spring) and retract the floating connector 42 in a longitudinal
direction (toward the left as shown in FIG. 3A). In the
retracted position, the first shoulder 44 has disengaged the
first collar 52, and the second shoulder 46 has disengaged the
second collar 54, such that the connector 42 may be said to
“float”. Accordingly, since the portions of the quick connect
connector 42 that now extend through the collars 52, 54 have
dimensions that are smaller than the shoulders 44, 46, there is
freedom for the quick connect connector 42 to move in two
dimensions (vertically and laterally). Furthermore, since the
two (proximal and distal) portions of the connector 42 are not
constrained to move in the same direction, the floating con-
nector 42 may move to adjust the angle of'its axial centerline
48, within physical limits established by the collars, to match
the angle of the axial centerline 27 of the fixed connector 28.

FIG. 3B is a cross-sectional diagram of the compliant
connector assembly 40 with the floating quick connect con-
nector 42 coupled to the fixed quick connect connector 28 of
FIG. 3A to provide fluid communication there between.
While the fixed connector 28 has stayed in the same position
and angle, the rearward end of the floating connector 42 has
moved vertically lower, the proximal end of the floating con-
nector 42 has moved vertically upward, and the entire floating
connector 42 has moved longitudinally further in a retraction
direction (leftward in FIG. 3B). The spring 60 is highly com-
pressed and the spring seat 62 has moved upward along with
the proximal end of the floating connector 42. In other details,
the connectors 28, 42 operate in the same manner as in FIG.
2A and FIG. 2B. Furthermore, when the connectors 28, 42 are
decoupled, the spring 60 will cause the floating connector 42
to return to the position shown in FIG. 2A.

FIG. 4A is a cross-sectional diagram of the compliant
connector assembly 40 having a floating quick connect con-
nector 42 that is vertically misaligned (offset) with a mating
fixed quick connect connector 28. While the axial centerlines
48, 27 are parallel, they are offset by a distance, such that the
fixed connector 28 is vertically elevated relative to the floating
connector 42. At the point of initial contact as shown, the
connectors 28, 42 make contact and engage such that the
leading end of'the fixed male connector 28 enters the opening
in the floating female connector 42. However, without an
adjustment in the alignment of the connectors 28, 42, the
coupling cannot be completed.

FIG. 4B is a cross-sectional diagram of the compliant
connector assembly 40 with the floating quick connect con-
nector 42 coupled to the fixed quick connect connector 28 of
FIG. 4A to provide fluid communication there between. As
shown, the first shoulder 44 has disengaged the first collar 52,
and the second shoulder 46 has disengaged the second collar
54. However, the insertion forces on the compute node 10
cause the both the proximal and distal portions of the floating
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connector 42 to move vertically upward to account for the
initial offset between the connectors 28, 42. This and other
misalignments may be tolerated in accordance with one or
more embodiment of the present invention.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of'stated features, integers, steps, operations, elements, com-
ponents and/or groups, but do not preclude the presence or
addition of one or more other features, integers, steps, opera-
tions, elements, components, and/or groups thereof. The
terms “preferably,” “preferred,” “prefer,” “optionally,”
“may,” and similar terms are used to indicate that an item,
condition or step being referred to is an optional (not
required) feature of the invention.

The corresponding structures, materials, acts, and equiva-
lents of all means or steps plus function elements in the claims
below are intended to include any structure, material, or act
for performing the function in combination with other
claimed elements as specifically claimed. The description of
the present invention has been presented for purposes of
illustration and description, but it is not intended to be exhaus-
tive or limited to the invention in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the invention. The embodiment was chosen and
described in order to best explain the principles of the inven-
tion and the practical application, and to enable others of
ordinary skill in the art to understand the invention for various
embodiments with various modifications as are suited to the
particular use contemplated.

What is claimed is:

1. An apparatus comprising:

a chassis including a fluid supply conduit, a fluid return
conduit, a first quick connect connector that is fluidically
coupled to the fluid supply conduit, a second quick con-
nect connector that is fluidically coupled to the fluid
return conduit, and a bay configured to receive a com-
pute node, wherein the first and second quick connect
connectors are secured in a fixed position at a back of the
bay and oriented in a forward direction into the bay;

a compute node having a rearward end securing a first
compliant connector assembly and a second compliant
connector assembly, wherein the first compliant connec-
tor assembly includes a third quick connect connector
oriented in a rearward direction so that installing the
compute node within the bay provides nominal align-
ment of the third quick connect connector with the first
quick connect connector, and wherein the second com-
pliant connector assembly includes a fourth quick con-
nect connector oriented in a rearward direction so that
installing the compute node within the bay provides
nominal alignment of the fourth quick connect connec-
tor with the second quick connect connector;

wherein the first compliant connector assembly includes a
rigid structure having first and second collars, wherein
the third quick connect connector has first and second
shoulders, wherein the first collar and the first shoulder
form an inwardly and rearwardly angled contact surface
there between, wherein the second collar and the second
shoulder form an inwardly and rearwardly angled con-
tact surface there between, and wherein the first compli-
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ant connector assembly further includes a first spring
biasing the third quick connect connector in the rear-
ward direction; and

wherein the second compliant connector assembly

includes a rigid structure having first and second collars,
wherein the fourth quick connect connector has first and
second shoulders, wherein the first collar and the first
shoulder form an inwardly and rearwardly angled con-
tact surface there between, wherein the second collar
and the second shoulder form an inwardly and rear-
wardly angled contact surface there between, and
wherein the second compliant connector assembly fur-
ther includes a second spring biasing the fourth quick
connect connector in the rearward direction.

2. The apparatus of claim 1, wherein the first and second
collars each form an inwardly and rearwardly angled surface.

3. The apparatus of claim 2, wherein the first and second
collars each form a frustoconical surface.

4. The apparatus of claim 1, wherein the third quick con-
nect connector is centered in the first and second collars of the
first compliant connector assembly unless acted upon by a
force overcoming the first spring and pushing the first and
second shoulders of the third quick connect connector out of
contact with the first and second collars of the first compliant
connector assembly; and

wherein the fourth quick connect connector is centered in

the first and second collars of the second compliant
connector assembly unless acted upon by a force over-
coming the first spring and pushing the first and second
shoulders of the fourth quick connect connector out of
contact with the first and second collars of the second
compliant connector assembly.

5. The apparatus of claim 1, wherein the third quick con-
nect connector is allowed to tilt to various angles in order to
align with the first quick connect connector despite any initial
misalignment between the first and third quick connect con-
nectors; and

wherein the fourth quick connect connector is allowed to

tilt to various angles in order to align with the second
quick connect connector despite any initial misalign-
ment between the second and fourth quick connect con-
nectors.

6. The apparatus of claim 1, wherein, when the third quick
connect connector is in a retracted position, the first compli-
ant connector assembly allows the third quick connect con-
nector to move in a lateral direction, vertical direction, lon-
gitudinal direction and at an angle relative to a longitudinal
axis defined by an extended position of the third quick con-
nect connector; and

wherein, when the fourth quick connect connector is in a

retracted position, the first compliant connector assem-
bly allows the fourth quick connect connector to move in
a lateral direction, vertical direction, longitudinal direc-
tion and at an angle relative to a longitudinal axis defined
by an extended position of the fourth quick connect
connector.

7. The apparatus of claim 1, wherein the compute node
includes a cooling circuit coupled between the third and
fourth quick connect connectors.

8. The apparatus of claim 1, wherein each of the quick
connect connectors include an automatic shut off valve that
prevent fluid flow when disconnected.

9. An apparatus comprising:

a compute node configured to be received within a chassis

bay; and

a first compliant connector assembly secured to a rearward

end of the compute node, wherein the first compliant
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connector assembly includes a rigid structure having
first and second collars, a first quick connect connector
having first and second shoulders, and a first spring
biasing the first quick connect connector in the rearward
direction, wherein the first collar and the first shoulder of
the first compliant connector assembly form an inwardly
and rearwardly angled contact surface there between,
wherein the second collar and the second shoulder of the
first compliant connector assembly form an inwardly
and rearwardly angled contact surface there between,
and wherein the first quick connect connector is oriented
in a rearward direction for blind mating with a second
quick connect connector within the chassis bay.

10. The apparatus of claim 9, further comprising:

a second compliant connector assembly secured to the
rearward end of the compute node, wherein the second
compliant connector assembly includes a rigid structure
having first and second collars, a third quick connect
connector having first and second shoulders, and a sec-
ond spring biasing the third quick connect connector in
the rearward direction, wherein the first collar and the
first shoulder of the second compliant connector assem-
bly form an inwardly and rearwardly angled contact
surface there between, wherein the second collar and the
second shoulder of the second compliant connector
assembly form an inwardly and rearwardly angled con-
tact surface there between, and wherein the third quick
connect connector is oriented in a rearward direction for
blind mating with a fourth quick connect connector
within the chassis bay.

11. The apparatus of claim 9, wherein the compute node
includes a cooling circuit coupled between the first and sec-
ond quick connect connectors.

12. The apparatus of claim 9, wherein the first and second
collars each form an inwardly and rearwardly angled surface.

13. The apparatus of claim 12, wherein the first and second
collars each form a frustoconical surface.

14. The apparatus of claim 9, wherein the first quick con-
nect connector is centered in the first and second collars of the
first compliant connector assembly unless acted upon by a
force overcoming the first spring and pushing the first and
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second shoulders of the first quick connect connector out of
contact with the first and second collars of the first compliant
connector assembly.

15. The apparatus of claim 9, wherein the first quick con-
nect connector is allowed to tilt to various angles in order to
align with the second quick connect connector despite any
initial misalignment between the first and second quick con-
nect connectors.

16. The apparatus of claim 9, wherein, when the first quick
connect connector is in a retracted position, the first compli-
ant connector assembly allows the first quick connect con-
nector to move in a lateral direction, vertical direction, lon-
gitudinal direction and at an angle relative to a longitudinal
axis defined by an extended position of the first quick connect
connector.

17. The apparatus of claim 9, wherein the first and second
quick connect connectors each include an automatic shut off
valve that prevents fluid flow when disconnected.

18. An apparatus comprising:

a rigid structure having first and second collars;

a quick connect connector having first and second shoul-

ders; and

a spring biasing the quick connect connector toward an

extended position with the first shoulder against the first
collar and the second shoulder against the second collar,
wherein the first collar and the first shoulder form an
inwardly and rearwardly angled contact surface there
between, wherein the second collar and the second
shoulder form an inwardly and rearwardly angled con-
tact surface there between, wherein the quick connect
connector is centered in the first and second collars
unless acted upon by a force overcoming the spring and
pushing the quick connect connector to a retracted posi-
tion with the first and second shoulders out of contact
with the first and second collars.

19. The apparatus of claim 18, wherein the first and second
collars each form an inwardly and rearwardly angled surface.

20. The apparatus of claim 19, wherein the first and second
collars each form a frustoconical surface.
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